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[57] ABSTRACT 
1,4-Dihydropyridine derivatives of the formula: 

H R 
R1000 cooR2 

l | R‘ 
/ 

wherein R is aryl or heteroaryl; R1 and R2 are each 
C1-C4 alkyl or 2-methoxyethyl; n is 2, 3 or 4; R3 is H, 
C1-C4 alkyl, CH2CO2(C1—C4 alkyl) or CHZCN; and R4 
is a group of the formula COR5, CSR5, C(=NR6)R7 or 
SOZRS, wherein R5 is C1-C4 alkyl, NH2, NH(C1-C4 
alkyl), NH(C3—C(J cycloalkyl), N(C1-C4 alkyl)g, 
NHCH2CO2(C1-C4 alkyl), NHCHZCONHL 
NHCHZCOZH, NH(CH2)1NH2, NHNH2, NHNRCO2( 
C1-C4 alkyl), NH-aryl, NHCO-aryl or a heterocyclic, 
NH-heterocyclic or NHCO-heterocyclic group, or 
when R4 is C(=O)R5, R5 may be H or CF 3; R6 is H, CN, 
CO2(C1—C4 alkyl), CO(C1—C4 alkyl), SO2(C1-C4 alkyl), 
SO2-ary1, SOgNHz, SO2N(C1—C4 alkyl)2, N02 Or aryl; 
and R7 is NHZ, NH(C1—C4 alkyl), NI-ICO(C1—C4 alkyl), 
NH(CH2),,,N(C1—C4 alkyl); wherein m is 2 to 4 or a 
NH-heterocyclic group; and their pharmaceutically 
acceptable acid addition salts, and pharmaceutical prep 
aration containing such compounds, have utility as anti 
ischaemic and antihypertensive agents. 

6 Claims, No Drawings 
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4-ARYL-3,5-BIS(ALKOXYCARBONYL)-6-METHYL 
2-AMINOALKYLOXYMETHYL-1,4-DIHY 

DROPYRIDINE ANTIHYPERTENSIVE AGENTS 

BACKGROUND OF THE INVENTION 

This invention relates to certain dihydropyridines, 
speci?cally to certain 1,4-dihydropyridines having a 
nitrogen containing group in a side chain attached to 
the 2-position, which have utility as anti-ischaemic and 
antihypertensive agents, and to pharmaceutical prepara 
tions containing such compounds. 
The compounds of the invention reduce the move 

ment of calcium into the cell and they are thus able to 
delay or prevent the cardiac contracture which is be 
lieved to be caused by an accumulation of intracellular 
calcium under ischaemic conditions. Excessive calcium 
in?ux during ischaemia can have a number of additional 
adverse effects which would further compromise the 
ischaemic myocardium. These include less ef?cient use 
of oxygen for ATP production, activation of mitochon 
drial fatty acid oxidation and possibly, promotion of cell 
necrosis. Thus the compounds are useful in the treat 
ment or prevention of a variety of cardiac conditions, 
such as angina pectoris, cardiac arrythmias, heart at 
tacks and cardiac hypertrophy. The compounds also 
have vasodilator activity since they can inhibit calcium 
in?ux in cells of vascular tissue and they are thus also 
useful as antihypertensive agents and for the treatment 
of coronary vasospasm. 

BRIEF DESCRIPTION OF THE INVENTION 

According to the invention, there are provided novel 
1,4-dihydropyridine derivatives of the formula: 

(1) 

R4 

wherein 
R is aryl or heteroaryl; 
R1 and R2 are each independently C1-C4 alkyl or 
Z-methoxyethyl; 
n is 2, 3 or 4; 
R3 is H, C1-C4 alkyl, CH2CO2(C1—C4 alkyl) or 

CHgCN; and 
R4 is a group of the formula: 

R5 is C1-C4 alkyl, NHz, NH(C1—C4 alkyl), NH(C3—C6 
cycloalkyl), N(C1—C4 alkyl)2, NHCH2CO2(C1—C4 al 
kyl), NHCH1CONH2, NHCHQCOZH, NH(CH2)2NH2, 
NH NHZ, NHNRCO2(C1—C4 alkyl), NH-aryl, NHCO 
aryl, or a heterocyclic, NH-heterocyclic or NHCO 
heterocyclic group or when R4 is C(=O)R5, R5 may be 
H or CF3; 
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2 
R6 is H, CN, CO2(C1—C4 alkyl), CO(C1-C4 alkyl), 

SO1(C1-C4 alkyl), SOz-aryl, SOZNHZ, SO2N(C1—C4 
alkyl)2, N02 or aryl; and 
R7 is NHZ, NH(C1—C4 alkyl), NHCO(C1—C4 alkyl), 

NR(CM2),,,N(C1—C4 alkyl); wherein m is 2 to 4 or a 
NH-heterocyclic group; 
and their pharmaceutically acceptable acid addition 
salts. 
The compounds of the formula (I) containing one or 

more asymmetric centres will exist as one or more pairs 
of enantiomers, and such pairs or individual isomers 
may be separable by physical methods, e.g. by fractional 
crystallisation of the free bases or suitable salts or chro 
matography of the free bases. The invention includes 
the separated pairs as well as mixtures thereof, as race 
mic mixtures or as separated d- and l-optically-active 
isomeric forms. 
The pharmaceutically acceptable acid addition salts 

of the compounds of the formula (I) are those formed 
from acids which form non-toxic acid addition salts, for 
example the hydrochloride, hydrobromide, sulphate or 
bisulphate, phosphate or acid phosphate, acetate, ci 
trate, fumarate, gluconate, lactate, maleate, succinate 
and tartrate salts. 
The term “aryl” as used in this speci?cation, includes 

phenyl and phenyl substituted by one or two substitu 
ents selected from nitro, halo, C1-C4 alkyl, C1-C4 alk 
oxy, hydroxy, trifluoromethyl, and cyano. It also in 
cludes l- and 2-naphthyl. 
The term “heteroaryl” as used in this speci?cation 

means an aromatic heterocyclic group which may op 
tionally be substituted and includes, for example, ben 
zofuranyl; benzothienyl; pyridyl optionally monosubsti 
tuted by methyl, thiomethyl, halo or cyano; quinolyl; 
benzoxazolyl; benzthiazolyl; furyl; pyrimidinyl; thia 
zolyl; 2,1,3-benzoxadiazol-4-yl; 2,1,3-benzthiadiazol 
4-yl; and thienyl optionally monosubstituted by halo or 
C1-C4 alkyl. 
The term “heterocyclic group” used in connection 

with R5 and R7 means a 5 or 6 membered nitrogen, 
oxygen, or sulphur containing heterocyclic group 
which may be saturated or unsaturated and which may 
optionally include a further one or two nitrogen atoms 
in the ring and which may optionally be benzofused or 
substituted with for example, halo, C1-C4 alkyl, hy 
droxy, acetamido, carbamoyl 0x0 or NR13R14 groups 
where R13 and R14 are each independently H, C1-C4 
alkyl or C3-C6 cycloalkyl or, together with the nitrogen 
atom to which they are attached, they form a 5 or 6 
membered saturated heterocyclic ring optionally con 
taining a further oxygen atom or NH or N(C1—C4 alkyl) 
group. Particularly suitable examples include pyridyl, 
pyrazinyl, hydroxypyridyl, dihydroxypyrimidinyl, 
piperidinyl, piperazinyl, 4-methyl-l-piperazinyl, mor 
pholinyl, l-imidazolidin-Z-one, 2-furyl, thienyl, thia 
zolyl and quinolyl. 

“Halo” means fluoro, chloro, bromo or iodo. 
Alkyl and alkoxy groups having 3 or more carbon 

atoms can be straight or branched chain. 
R is preferably 2-chlorophenyl or 2,3-dichlorophe 

nyl. R1 and R2 are preferably CH3 or C2H5, especially 
when R1 is CH3 and R2 is C2H5. n is preferably 2. R3 is 
preferably H or CH3. 

Preferred groups for R4 are COR5 where R5 is H, 
NHCH3, NHCHZCONHZ or 2-pyridon-5-yl; CSR5 
where R5 is NH2; C(:NR6)R7 where R6 is CN and R7 
is NHCH3; and SOgR5 where R5 is NH2, NHCH3, NH 
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cyclopentyl, Z-thienyl, 8-quinolyl, or 2-(4-methylpiper 
azin-l-yl)pyrid-5-yl. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The compounds of the formula (I) are prepared by a 
number of different processes according to the inven 
tion as follows: 

(a) The ureas and thioureas of formula (I) wherein R4 
is -—C(=X)R5, X is O or S and R5 is NI-IZ, NH(C1-C4 
alkyl), NH(C3—C5 cycloalkyl), NHCH2CO2(C1-C4 al 
kyl), NH-aryl, NHCO-aryl, or a NH-heterocyclic or 
NHCO-heterocyclic group are prepared from an amine 
of the formula: 

(II) 

wherein R, R1, R2, R3 and n are as previously de?ned 
' by reacting with potassium cyanate or with an isocya 
nate or isothiocyanate of the formula: 

R8NCX (III) 

wherein X is O or S and R8 is C1-C4 lower alkyl, C3-C6 
cycloalkyl, CH2CO2(C1—C4 alkyl), aryl, CO-aryl, or a 

> heterocyclic or CO-heterocyclic group, respectively. 
The reaction is simply performed by stirring the reac 

tants together in a reaction-inert organic solvent at 
room temperature for several hours. 
Compounds of the formula I wherein R4 is 

—C(:X)R5 and R5 is NHCHZCONHZ or 
NHCHZCOZH are readily prepared from the compound 
wherein R5 is NHCI-I2CO2(C1-C4 alkyl) by reacting 
with concentrated ammonium hydroxide to yield the 
corresponding amides or by hydrolysing, for example 
with dilute sodium hydroxide, to yield the correspond 
ing acids. 
The urea derivatives wherein R4 is C(:X)R5, X is O 

and R5 is NI-Ig are prepared in a similar manner to that 
described above from the amine (II) but using potassium 
cyanate. 

(b) The thiourea derivatives wherein R4 is 
—C(:S)R5 and R5 is NHZ, NH(C1-C4 alkyl), 
NH(C3—C6 cycloalkyl) or N(C1-C4 alkyl); are prepared 
by first reacting the amines of formula (II) with rhio 
phosgene and reacting the resulting isothiocyanate in 
termediates with ammonia or with a (C1-C4) alkyla 
mine, (C3-Cg)cycloalkylamine or (di-C1-C4) alkyla 
mine respectively. 
The reaction of the amine (II) and thiophosgene is 

conveniently performed by adding thiophosgene to a 
stirred solution of the amine in a mixture of water and 
methylene chloride in the presence of powdered cal 
cium carbonate. After several hours at room tempera 
ture the organic layer containing the isothiocyanate 
intermediate is separated and the product isolated. This 
is then heated with ethanolic ammonia solution or with 
the appropriate amine to yield the thiourea product. 

(c) In an alternative process, urea derivatives of for 
mula (I) wherein R4 is C(:X)R5, X is O and R5 is 
NHCHZCONHZ, NHCHZCHZNHZ, NH-heterocyclic, 
NHNHZ or NHNHCO2CH2CH3 are prepared from an 
amine of formula (II) by ?rst reacting with N,N1-car 
bonyldiimidazole and reacting the resulting imidazolyl 
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4 
carbonyl derivative with an amine or hydrazine deriva 
tive Of formula NHzCI-IzCONI-Iz, NHZCHZCHzNHz, 
NHz-heterocyclic, NHZNHZ or NH2NHCO2CH2CH3, 
respectively. 

(d) The amides of formula (I) wherein R4 is 
C(-_—X)R5, X is O and R5 is H, CF3, C1-C4 alkyl, or a 
heterocyclic group are also prepared from the amines of 
formula (II) by reacting with an acid of formula 
R9CO2H, or with an anhydride, acid chloride or acti 
vated derivative thereof, wherein R9 is H, CF3, C1-C4 
alkyl or a heterocyclic group respectively. 

Thus, compounds wherein R5 is H (R4 is formyl) are 
prepared by a conventional formylation reaction, for 
example, using a mixture of formic acid and acetic anhy 
dride. Compounds wherein R5 is CF3 or C1-C4 alkyl are 
similarly conveniently prepared using the appropriate 
acid anhydride in pyridine. The compounds wherein R5 
is a heterocyclic group are rather more conveniently 
prepared from the appropriate carboxy-substituted het 
erocyclic group by a coupling reaction, for example 
using a diimide condensing reagent such as l-(3-dime 
thylaminopropyl)-3-ethylcarbodiimide. Alternatively, 
in appropriate cases (for example when the heterocyclic 
group is a l-piperidyl or l-piperazinyl group) the heter 
ocyclic group is initially reacted with phosgene to pro 
vide the N—COCl intermediate which is then reacted 
with the amine of formula II. All these reactions are 
quite conventional and conditions for their performance 
will be well known to those skilled in the art as will 
other possibilities and variations. 

(e) Compounds of the formula (I) wherein R4 is -—C( 
:N—R6)R7 are again prepared from the amines of 
formula (II) by reacting with a compound of the for 
mula: 

N.....R6 (IV) 

wherein R6 is as previously de?ned and R10 is SCH3, 
NR2, or NHCO(C1-C4 alkyl) and, in the case where 
R10 is SCH3, reacting the product with a C1-C4 alkyla 
mine, dialkylamino-alkylamine, or heterocyclic amine. 
The reaction between the amine (II) and the com 

pound of formula (IV) is generally performed by heat 
ing the reactants together, in more or less equimolar 
proportions, in a reaction-inert organic solvent. A per 
iod of several hours heating under re?ux in ethanol is 
generally found to be sufficient and the product is then 
simply isolated by removal of the solvent and purified 
by conventional procedures. 

In the case where R6 is H and R10 is NH; the com 
pound of formula (IV) is S-methyl-isothiourea which is 
conveniently reacted as its sulphate to provide the un 
substituted guanidines of formula (I) wherein R4 is 
C(=NI-I)NH2. This can be further reacted with a sul 
phonyl halide to give the compounds where R6 is 502( 
C1—C4 alkyl) or SOg-aryl. 

In the case where R10 is SCH3 the resulting me 
thylisothiourea is further reacted with an appropriate 
amine, usually by adding the reactants to ethanol at 
room temperature, typically for an overnight period, 
and the product is isolated by evaporation of the solvent 
and puri?ed by conventional methods, eg by crystalli 
sation. The methylisothiourea intermediate may also be 
generated from the thiourea of formula (I) (where R3 is 
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H and R4 is C(:S)NH2) by reacting with methyl io 
dide. The resulting S-methylisothiouronium salt may 
then be reacted with the amine component as before. 

(0 Compounds of the formula (I) wherein R4 is SO 
2—R5 are again also prepared from the amines of for 
mula (II) by reacting with sulphamide, or a sulphonyl 
chloride of the formula: 

ClSOgR" (v) 

wherein R11 is C1-C4 lower alkyl, NH(C1—C4 alkyl), 
NH(C3-C6 cycloalkyl), N(C1-C4 a1kyl)2, NH-aryl, 
NHCO-aryl or a heterocyclic, NH heterocyclic or 
NHCO-heterocyclic group. 
The reaction with sulphamide is typically achieved 

by heating the amine and sulphamide, in excess, under 
re?ux in a reaction-inert organic solvent, e.g. dioxan. 
After a period of one or two hours the product is iso 
lated and puri?ed in a conventional manner. The reac 
tion with a sulphonyl chloride of formula (V) is again 
performed in a conventional manner by adding the 
sulphonyl chloride to the amine in an inert organic 
solvent, e.g. dichloromethane, in the presence of an 
organic base, e.g. triethylamine. The reaction is gener 
ally complete after several hours at room temperature 
and the product is isolated and puri?ed using conven 
tional methods. 

Preparation of the starting amines of formula (II) is 
described in the speci?cation to our European patent 

_ application No. 89167. The various reactants of formula 
III, IV, V and R9CO2H, etc., are generally known com 
pounds, either commercially available or they may be 
prepared by conventional methods in accordance with 
literature precedents. 
The ability of the compounds of the invention to 

inhibit the movement of calcium into the cell is shown 
by their effectiveness in reducing the response of iso 
lated heart tissue to an increase in calcium ion concen 
tration in vitro. The test is performed by mounting 
spirally cut strips of rat aorta with one end ?xed and the 
other attached to a force transducer. The tissue is im 
mersed in a bath of physiological saline solution con 
taining potassium ions at a concentration of 45 millimo 
lar and no calcium. Calcium chloride is added to the 
bath with a pipette to give a ?nal calcium ion concentra 
tion of 2 millimolar. The change in tension caused by 
the resulting contraction of the tissue is noted. The bath 
is drained and replaced with fresh saline solution and, 
after 45 minutes the test is repeated with the particular 
compound under test present in the saline solution. The 
concentration of compound required to reduce the re 
sponse by 50% is recorded. 
The antihypertensive activity of the compounds is 

also evaluated after oral administration by measuring 
the fall in blood pressure in spontaneously hypertensive 
rats or renally hypertensive dogs. 
For administration to man in the curative or prophy 

lactic treatment of cardiac conditions and hypertension, 
oral dosages of the compounds will generally be in the 
range of from 2-100 mg daily for an average adult pa 
tient (70 kg). Thus for a typical adult patient, individual 
tablets or capsules contain from 1 to 10 mg of active 
compound, in a suitable pharmaceutically acceptable 
vehicle or carrier. Dosages for intravenous administra 
tion would typically be within the range 1 to 10 mg per 
single dose as required. In practice the physician will 
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6 
determine the actual dosage which will be most suitable 
for an individual patient and it will vary with the age, 
weight and response of the particular patient. The 
above dosages are exemplary of the average case but 
there can, of course, be individual instances where 
higher or lower dosage ranges are merited, and such are 
within the scope of this invention. 
For human use, the compounds of the formula (I) can 

be administered alone, but will generally be adminis 
tered in admixture with a pharmaceutical carrier se 
lected with regard to the intended route of administra 
tion and standard pharmaceutical practice. For exam 
ple, they may be administered orally in the form of 
tablets containing such excipients as starch or lactose, 
or in capsules or ovules either alone or in admixture 
with excipients, or in the form of elixirs or suspensions 
containing ?avouring or colouring agents. They may be 
injected parenterally, for example, intravenously, intra 
muscularly or subcutaneously. For parenteral adminis 
tration, they are best used in the form of a sterile aque 
ous solution which may contain other substances, for 
example, enough salts or glucose to make the solution 
isotonic with blood. 
Thus in a further aspect the invention provides a 

pharmaceutical composition comprising a compound of 
the formula (I), or a pharmaceutically acceptable acid 
addition salt thereof, together with a pharmaceutically 
acceptable diluent or carrier. 
The invention also provides a method of protecting 

the heart from the deleterious effects of ischaemia, 
which comprises administering an effective amount of a 
compound of the formula (I) or pharmaceutically ac 
ceptable acid addition salt thereof, or pharmaceutical 
composition as de?ned above. 
The invention also includes a method of treating 

hypertension which comprises administering an antihy 
pertensive amount of a compound of the formula (I) or 
pharmaceutically acceptable acid addition salt thereof, 
or pharmaceutical composition as de?ned above. 
The following examples illustrate the invention: 

EXAMPLE 1 

1- < 2-{[4-(2-Chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 

yl]methoxy}ethyl > -3-rnethylurea 
Methyl isocyanate (0.5 ml) was added to a solution of 

2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-3-ethox 
ycarbonyl-5-methoxycarbonyl-6-methyl-1,4-dihy 
dropyridine (0.41 g) in dichloromethane (50 ml) and the 
mixture stirred at room temperature for 2 hours and 
then evaporated. The residue was triturated with di 
ethyl ether and the solid collected, washed with diethyl 
ether, and dried to give the title compound (0.40 g), 
m.p. 75°—90° C. decomp. Found: C,56.81; H,6.l4; 
N,9.2l. C22H23ClN306 requires C,56.71; H,6.06; 
N,9.02%. 

EXAMPLES 2-9 

The following compounds were prepared by the 
method described in Example 1 from 2-(2-aminoethox 
ymethyl)-4-(2-chlorophenyl or 2,3-dichlorophenyl)-3 
ethoxycarbonyl-S-methoxycarbonyl-6-methyl-1,4-dihy 
dropyridine, or the appropriate substituted amine where 
R3 is CH3 or CH2COzCH3, and the appropriate isocya 
nate. 



4,590,195 
7 8 

R12 

Cl 

CH302C CO2CH2CH3 

I l R‘ 
/ 

CH3 N CH2-O-(CH2)1—N 
H \ 

R3 

Analysis % 
Example 1 lheoretical in brackets) 

No. R12 R3 R4 m.p. (‘*C.) c H N 

2 H CH3 CONHCH3 l60~l62 57.56 6.45 8.55 
(57.55 6.30 _ 8.76) 

3 H H CONHCH(CH3)2 164 58.19 6.58 8.60 
(58.35 6.53 8.51) 

4 H CH3 CONHCHgCOgCl-IgCl-i; 116-120 56.18 6.27 8.10 
(56.57 6.21 7.61) 

5 H CH3 CONHCOC5H5 - 61.33 5.52 7.48 
(61.10 5.66 7.37) 

6 H CHZCOZCH3 CONHCH3 174-176 55.95 6.28 7.58 
(55.81 6.00 7.81) 

7 H H CONHC5H5 156 57.51 5.21 7.38 
(57.66 5.20 7.47) 

8 Cl CH2CO2CH3 CONHCH5 118-120 5245 5.45 7.34 
(52.22 5.41 7.12) 

9 H CHZCN CONHCH3 113-115 56.78 5.98 11.40 
(57.10 5.75 11.10) 

R12 

35 

Cl 

CH302C CO2CH2CH3 , 

40 I I CONH; 
CH3 N CH2'-O-'(CH2)2—N 

H \R3 
EXAMPLE 10 

Ex- Analysis % 
1-<2-{[4-(2-Chloropheny1)-3-e??oXycarb0i1¥l-5- 45 ample m.p. ( Theoretical in brackets) 
methoxycarbonyl-6-methyl-l,4-d1hydropyr1d1n-2- NO R12 R3 (.0 ) C H N 
lrnethox eth l -l- methox carbon lmeth lurca ' ' y] _y} y > y y y) 11 H H 180-182 55.57 5.79 9.20 
A solutlon of potassium cyanate (0.24 g), methyl (55.81 5.76 9.30) 

2-<2-{[4-(2-chlorophenyl)-3-ethoxycarbonyl-5- 12 Cl CH2C02CH3 176-178 3-2;) 
methoxycarbonyl-G-rnethyl-l,4-d1hydropyr1d1n-2- . 50 13 H CHZCN 190491 56:34 5.80 1039 
y1]methoxy}ethylam1no>acetate (0.96 g) and acetic (5617 550 1142) 
acid (0.36 g) in dioxane (10 ml) and water (10 ml) was 
stirred at room temperature for 70 minutes and then 
evaporated. The residue was partitioned between water EXAMPLE 14 
and ethyl acetate and the organic layer separated, dried 
(Na2SO4) and evaporated. The residue was triturated 
with ethyl acetate and the resulting solid collected and 
dried to give the title compound (0.77 g), m.p. 
166°~169° C. Found: C,54.65; H,5.78; N,8.l3. 
CZ4H30C1N308 requires C,55.01; H,5.77; N,8.02%. 

EXAMPLES l l-13 

The following compounds were prepared by the 
method described in Example 10 from potassium cya 
nate and the appropriate 2-(2-aminoethoxymethyl)-1,4 
dihydropyridine or the corresponding substituted deriv 
ative of formula (I) wherein R4 is hydrogen and R3 is as 
de?ned below. . 

55 

60 

3-(Carbamoylmethyl)- l - < 2-{ [4-(2-chlorophenyD-3 
ethoxycarbonyl-5-methoxycarbonyl-6-methyl-1,4-dihy 

dropyridin-Z-yl] methoxyItethyl > - l-methylurea 

1- > 2-{ [4-(2-Chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 
yl]methoxy}ethyl > -3-ethoxycarbonylmethyl-1 
methylurea (0.44 g) was stirred in a mixture of ethanol 
(15 ml) and concentrated ammonium hydroxide (10 ml) 
for 24 hours and then evaporated. The residues was 

65 partitioned between chloroform and water and the or 
ganic layer dried (Na2SO4) and evaporated. The residue 
was triturated with diethyl ether/ethyl acetate and the 
resulting solid was collected, washed with diethyl 
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ether, and dried to give the title compound (0.23 g), 
m.p. l42°-143° C. Found: C,54.85; H,5.97; N,10.58. 
CZ4H31CIN4O7 requires C,55.l2; H,5.97; N,l0.7l%. 

EXAMPLE l5 

3-Carboxymethyl- 1- < 2-{[4-(2-chlorophenyl)-3-ethox 
ycarbonyI-S-methoxycarbonyl-6-methyl-1,4-dihy 
dropyridin-2-yl]methoxy}ethyl > - l -methylurea 

1M Aqueous sodium hydroxide solution (2 ml) was 
added dropwise over 5 minutes to a stirred, ice-cooled 
solution of l-<2-{[4-(2-chlorophenyl)-3-ethoxycarbo 
nyl-5-methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 
yl]methoxy}ethyl > -3-ethoxycarbonylmethyl- l - 
methylurea (0.44 g) in dioxane (20 ml). The mixture was 
stirred at room temperature for 4 hours and then evapo 
rated. The residue was dissolved in water, washed with 
diethyl ether, acidi?ed with 2M hydrochloric acid, and 
extracted into chloroform. The chloroform layer was 
dried (MgSO4) and evaporated. The residue was tritu 
rated with diethyl ether/ethyl acetate and the resulting 
solid was collected, washed with diethyl ether, and 
dried to give the title compound (0.10 g) as a gum. 
Found: C,54.76; H,5.77; N,8.14. C24H30ClN3Og requires 
C,55.01; H,5.79; N,8.02%. 

EXAMPLE 16 

A. Preparation of 
2-(4-aminobutoxy)methyl-4-(2-chlorophenyl)-3-ethox 

ycarbonyl-S-methoxycarbonyl-6-methyl-1,4-dihy 
dropyridine 

A solution of 4-azidobutanol (6.8 g) in tetrahydrofu 
ran (100 ml) was added dropwise over 30 minutes to a 
suspension of sodium hydride (5.4 g; 60% dispersion in 
oil) in tetrahydrofuran (100 ml). The mixture was 
stirred at room temperature for 30 minutes and then 
treated with a solution of ethyl 4-chloroacetoacetate 
(9.7 g) in tetrahydrofuran (150 m1) dropwise over 30 
minutes. The mixture was stirred at room temperature 
for 16 hours, poured into water and the pH adjusted to 
3-4 with 2M hydrochloric acid. The aqueous solution 
was extracted with ethyl acetate (3 X200 ml) and the 
organic layer was dried (MgSO4) and evaporated to 
give an oil which was taken up in acetonitrile and 
washed with petrol. The solvent was evaporated to 
dryness and the residue was chromatographed on silica 
eluting with a mixture of petrol and methylene chloride. 
Fractions containing the product were evaporated to 
give ethyl 4-(4-azidobutoxy)acetoacetate as a yellow oil 
(4.5 g). Methyl 3-aminocrotonate (2.2 g) and 2 
chlorobenzaldehyde (2.7 g) in methanol (50 ml) were 
added and the mixture was heated under re?ux for 5 
hours and then evaporated. The residue was chromato 
graphed on silica eluting with a mixture of petrol and 
ethyl acetate to give 2-(4—azidobutoxy)methyl-4-(2 
chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6 
methyl-lA-dihydropyridine (5.9 g) as a yellow oil. The 
product was taken up in methanol (70 ml) and stirred at 
room temperature for 16 hours under 1 atmosphere of 
hydrogen in the presence of 5% palladium on calcium 
carbonate catalyst (2.0 g). The reaction mixture was 
?ltered and concentrated. The residue was treated with 
a solution of fumaric acid (1.0 g) in methanol. The re 
sulting precipitate was collected, treated with 2M am 
monium hydroxide and extracted with methylene chlo 
ride (2X25 ml). The organic layer was washed with 
water, dried (MgSO4), ?ltered and evaporated to give 
2-(4-aminobutoxy)methyl-4-(2-chlorophenyl)-3-ethox 
ycarbonyl-S-methoxycarbonyl-6-methyl-1,4-dihy 

20 

25 

30 

45 

50 

60 

65 

10 
dropyridine (2.2 g) as a yellow oil. The product was 
used in the next stage without further puri?cation. 

B. 
4-(2-Chlorophenyl)-3-ethoxycarbonyl~5-methoxycar 
bonyl-6-methyl-2-(4-[N-methylcarbamoyl]aminobutox 

ymethyl)-1,4-dihydropyridine, hemi-hydrate 
Methyl isocyanate (0.25 ml) was added to a solution 

of 2-(4-aminobutoxy)methyl-4-(2-chloropheny1)-3 
ethoxycarbonyl-5-methoxycarbonyl-6~methyl-1,4-dihy 
dropyridine (0.1 g) in dry methylene chloride (5 ml) and 
the mixture stirred at room temperature for 14 hours. 
The solvent was evaporated and the residue was chro 
matographed on silica eluting with methylene chloride 
containing 5% methanol by volume. Fractions contain 
ing the product were combined and evaporated to give 
an oil which crystallised when triturated with diethyl 
ether to afford the title compound (0.05 g), m.p. 
126°-126.5° C. Found: C,57.4; H,6.6; N,8.5. 
C24H23ClN3O6.0.5H2O requires C,57.3; H,6.4; 
N,8.35%. 

EXAMPLE 17 

4-(2-Chlorophenyl)-3-ethoxycarbonyl-S-methoxycar 
bonyl-6-methyl-2-[2-(thioureido)ethoxymethyl] - 1,4 

dihydropyridine 
(A) Thiophosgene (0.9 ml) was added to a stirred 

mixture of 2-(2-aminoethoxymethyl)-4-(2-chloro 
phenyl)~3-ethoxycarbonyl-S-methoxycarbonyl-6-meth 
y1-1,4-dihydropyridine (4.08 g) and powdered CaCO3 (3 
g) in methylene chloride (25 ml) and water (35 ml). The 
mixture was stirred overnight at room temperature, 
?ltered and partitioned between 2M hydrochloric acid 
and methylene chloride. The organic layer was washed 
with water, dried (Na2CO3), ?ltered and evaporated to 
give the isothiocyanate intermediate as a solid which 
was used directly for the next stage of the reaction 
without further puri?cation. 

(B) The isothiocyanate (4 g) was heated in ethanolic 
ammonia solution for 2% hours. The precipitate was 
?ltered and recrystallised from a mixture of ethanol and 
methylene chloride (5:1) to give the title compound, 
m.p. 203.5°-204.5° C. Found: C,53.3; H,5.5; N,8.6. 
C21HZ6ClN3O5S requires C,53.8; H,5.6; N,8.9%. 

EXAMPLE l8 

4-(2-Chlorophenyl)-3-ethoxycarbonyl-5-methoxycar 
bonyl-6-methyl-2-[(2-N-methylthioureido)ethoxyme 
thyl]-1,4-dihydropyridine was prepared by the method 
described in Example 17(B) but re?uxing the isothiocy 
anate in ethanolic methylamine solution for 2 hours. 
The product solidi?ed on trituration with diethyl ether, 
m.p. 138°-140° C. Found: C,54.24; H,5.79; N,8.72. 
C12H23ClN3O5S requires C,54.82; H,5.86; N,8.72%. 

EXAMPLE 19 

4-(2,3-Dich1orophenyl)-3-ethoxycarbonyl-5-methox 
ycarbonyl-6-methyl-2-[2-(thioureido)ethoxymethyl] 

1,4-dihydropyridine 
The title compound was prepared as described in 

Example 17 but starting with the corresponding 4-(2,3 
dichlorophenyl)-1,4-dihydropyridine derivative, mp. 
198'‘ C. Found: C,50.28; H,5.07; N,8.72. 
C21H25Cl2N3O5S requires C,50.20; H,5.02; N,8.30%. 
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EXAMPLE 20 

3-(Carbamoylmethyl)-1- < 2-{[4-(2-chlorophenyl)-3 
ethoxycarbonyl-5-methoxycarbonyl-6-rnethyl-1,4-dihy 

dropyridin-Z-yl]methoxy}ethyl > urea 

A mixture of 2-{2-[(l-imidazolylcarbonyl)amino]e 
thoxy}methyl-4-(2-chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridine (0.98 
g) (prepared from the 2-(2-aminoethoxymethyl)dihy 
dropyridine derivative and N,N'-carbonyldiimidazole), 
glycinamide hydrochloride (0.22 g) and N-methylmor 
pholine (0.44 g) in acetonitrile (10 ml) was stirred at 
room temperature for 22 hours and then evaporated to 
dryness. The residue was chromatographed on silica 
eluting with hexane containing 30% by volume of di 
chloromethane, followed by dichloromethane contain 
ing from 0 to 1% by volume of methanol. Appropriate 
fractions were combined and evaporated to give the 
title compound (0.25 g). m.p. l14°-116° C. Found: 
C,53.95; H,5.85; N,lO.80. C23H29ClN407 requires 
C,54.28; H,5.70; N,l1.0l%. 

EXAMPLE 21-24 

The following compounds were prepared by the 
method described in Example 20 from 2-{2-[(1 
imidazolylcarbonyl)arnino]ethoxyjrmethyl-‘l-(Z-chloro 
phenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6-meth 
yl-l,4-dihydropyridine and the appropriate amine or 
hydrazine. 

EX. Analysis% 
am- (Theoretical in 
ple brackets) 
NO. RS m.p.(°C.) c H N 

21 NHCHZCHZNHZ 90 52.35 6.31 9.10 
(decomp) (52.30 5.81 9.04) 

22 \ 140-143 53.54 5.04 11.84 

/II\/\ N (53.24 5.32 12.42) 

23 NHNH; 144-146 54.02 6.04 11.63 
(54.02 5.82 12.00) 

24 NHNHC02CH2Cl-I3 158-160 35.05 5.87 10.65 
(35.48 5.80 10.40) 

EXAMPLE 25 

4-(2-Ch1orophenyl)-3-ethoxycarbonyl-S-methoxycar 
bonyl-6-methyl-2-[2-(3-pyridylcarbonylamino)ethox 

ymethyl]-1,4-dihydropyridine 
1-(3-Dimethylaminopropyl)-3-ethylca1'bodiimide hy 

drochloride (0.42 g) was added to an ice-cooled solution 
of 2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-3 
ethoxycarbonyl-5-methoxycarbonyl-6-methy1-1 ,4-dihy 
dropyridine (0.41 g), nicetinic acid (0.14 g) and 1 
hydroxybenzotriazole hydrate (0.17 g) in dichlorometh 
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ane (40 ml). The mixture was stirred with ice-cooling 
for 15 minutes, treated with N-rnethylmorpholine (0.61 
g) and stirred at room temperature for 16 hours. The 
solution was then diluted with dichloromethane, 
washed successively with water, 2N hydrochloric acid, 
water, 10% aqueous sodium carbonate solution, and 
water, dried (Na2SO4) and evaporated. The residue was 
chromatographed on silica (t.l.c. grade, Merck Kiesel 
gel 60H (Trade Mark) 8 g) eluting with dichlorometh 
ane plus 0-5% methanol. Appropriate fractions were 
combined and evaporated. The residue was triturated 
with diethyl ether and the resulting solid collected, 
washed with diethyl ether and dried to give the title 
compound (0.29 g), m.p. 81°—84° C. Found: C. 61.01; H, 
5.48; N, 8.23. C26H2gClN3O6 requires C, 60.76; H, 5.49; 
N, 8.18%. 

EXAMPLES 26—-29 

The following compounds were prepared by the 
method described in Example 25 from 2-(2-aminoethox 
ymethyl) or 2-(2-methylaminoethoxymethyl)-4~(2 
chlorophenyl)-3-ethoxycarbonyl-6-methoxycarbonyl-6 
methyl-l,4~dihydropyridine and the appropriate car 
boxy substituted heterocyclic compound. 

c1 

HZCOZC CO2C2H5 W 
I I c—R5 

/ 
H3C N CH2-—O—(CH2)2—N 

H \ 
R3 

Ex- Analysis% 
am- (Theoreticalin 
ple m.p. brackets! 
No. R3 R5 (°c.) c H N 

26 H N 117-118 58.54 5.36 10.67 
I \ (58.31 5.28 10.88) 

I 

N 

27 H 125-130 59.35 5.78 7.70 

\IL/i decomp. (58.92 5.33 1.93) 
\ 

N \0 
H 

28 CH3 74-81 58.15 5.51 7.40 

Ti (57.91 5.40 7.50) 
\ 

N \0 
H 

29 CH3 H 220-240 56.13 5.19 9.85 
N o decomp. (55.67 5.21 9.99) 

\Ié 
I NH 

II 
o 
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EXAMPLE 30 

4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-2-[(N-for 
myl)aminoethoxy 

methyl]-5~methoxycarbonyl-6-methyl- l ,4-dihydropyri 
dine 

Formic acetic anhydride (15 ml; prepared by heating 
a mixture of formic acid (5 ml) and acetic anhydride (10 
ml) at 50°—60° C. for 1 hour) was added over 10 minutes 
to a stirred, ice-cooled solution of 2-(2-aminoethoxyme 
thyl)-4-(2,3-dichlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridine (4.4 g) 
in tetrahydrofuran (30 ml). The mixture was stirred at 
room temperature for 1.5 hours and then evaporated. 
The residue was dissolved in dichloromethane and the 
solution washed with 10% aqueous sodium carbonate 
solution, dried (Na2SO4), and evaporated. The residual 
solid was collected, washed with diethyl ether and 
dried to give the title compound as a hemihydrate (4.0 
g), m.p. l78°—18l° C. Found: C, 52.69; H, 5.05; N, 6.06. 
C21H24Cl2N2O6.0.5H2O requires C, 52.51; H, 5.25; N, 
5.83%. 

EXAMPLES 31-33 

The following examples were prepared by the 
method described in Example 30 from the correspond 
ing 4~(2-chlorophenyl)-1,4_dihydropyridine derivative 
using formic/acetic anhydride, acetic anhydride or 
tri?uoroacetic anhydride respectively: 

Cl 

H3CO2C COzCHzCI-I; 

i i H 
CH3 N CH2-O—(Cl-l2)2--'NHC"-R5 

H 

Analysis % 
Example ! lheoretical in brackets! 

No. R5 m.p. ("c.) c H N 

31 H 164-166 56.51 5.82 6.04 
(56.57 5.88 6.29) 

This compound is a 
hemihydrate 

32 CH3 97-99 59.00 6.16 6.24 
(58.60 6.04 6.21) 

33 CF3 141-143 52.41 4.83 5.50 
(52.33 4.79 5.56) 

EXAMPLE 34 

4(2-Chlorophenyl)-3-ethoxycarbonyl-5-methoxycar 
bonyl-6-methyl-2-[2-(4-methylpiperazin- l -ylcar 
bonylamino)ethoxymethyl]-1,4-dihydropyridine 
A solution of N-methylpiperazine in toluene (5 ml) 

and triethylamine (1 ml) was added dropwise to a 
12.5% (by weight) solution of phosgene in toluene (7.5 
ml) at —30° C. The solution was allowed to warm to 
room temperature over 1.5 hours and then purged with 
nitrogen to remove excess phosgene. 2-(2-Aminoethox 
ymethyl)-4-(2-chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridine was 
then added and the mixture allowed to stir at room 
temperature for 17 hours. After evaporation to dryness, 
the resultant oil was partitioned between 5% aqueous 
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sodium carbonate and diethyl ether. The combined 
organic liquors were dried (MgSO4), ?ltered and evap 
orated to give 0.7 g of a colourless oil. This oil was 
chromatographed on Kieselgel 60 (Trade Mark) (3 g), 
eluting with ethyl acetate to give 0.2 g of a white solid. 
Crystallisation from ethyl acetate afforded the pure title 
compound (0.13 g), m.p. 78°-80° C. Found: C, 58.36; H, 
6.59; N, 10.47%. CZ6H35CIN4O6 requires C, 58.35; H, 
6.64; N, 10.41%. 

EXAMPLE 35 

4-(2-Chlorophenyl)-3-ethoxycarbonyl-2-[2-(imidazoli 
din-Z-on-l-ylcarbonylamino)ethoxymethyl]-S-methox 

ycarbonyl-6-methyl- 1,4-dihydropyridine 
To a solution of 2-(2-aminoethoxymethyl)-4-(2 

chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6 
methyl-1,4-dihydropyridine (1.0 g) in a mixture of chlo 
roform (dried over alumina) (20 ml) and triethylamine 
(2 ml) was added imidazolidin-Z-on-l-yl carbonyl chlo 
ride (0.36 g) in one portion and the mixture stirred at 
room temperature for 18 hours. After evaporation to 
dryness, the resultant oil was partitioned between 5% 
aqueous sodium carbonate and methylene chloride. The 
combined organic liquors were dried (MgSO4), ?ltered 
and evaporated to give 0.7 g of a yellow oil which 
crystallised from diisopropyl ether on standing to give , 
pure title compound, (0.4 g), m.p. 145° C. Found: C, 
54.94; H, 5.62; N, 10.62. C14H29ClN4O7 requires C, 
55.33; H, 5.61; N, 10.76%. 

EXAMPLE 36 

3- < 2-{[4-(2-Chlorophenyl-3-ethoxycarbonyl-5~ 
methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 
yl]methoxy}ethyl > -2-cyano- l-methylguanidine 

(A) A solution of 2-(2-aminoethoxymethyl)-4-(2 
chlorophenyl)-3-ethoxycarbony1-5-methoxycarbonyl-6 
methyl-1,4-dihydropyridine (0.82 g) and di(methylthio) 
methylidinoiminonitrile (0.29 g) in ethanol (50 ml) was 
heated under reflux for 2 hours and then evaporated. 
The residue was triturated with diethyl ether and the 
resulting solid collected, washed with ether, and dried 
to give 1->2-{[4-(2-chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 
yl]methoxy}ethyl > -3-cyano-2-methylisothiourea (0.96 
g), m.p. l77°—l79° C. Found: C, 54.34; H, 5.42; N, 11.18. 
C23H27ClN405S requires C, 54.49; H, 5.37; N, 11.05%. 

(B) The product from (A) (0.40 g) in 33% (by weight) 
ethanolic methylamine solution (10 ml) was stirred for 
18 hours and then evaporated. The residue was recrys 
tallised from ethanol to give the title compound (0.25 g), 
m.p. 188°-190" C. Found: C, 56.66; H, 5.53; N, 14.08, 

5 C23H23C1N205 requires C, 56.38; H, 5.76; N, 14.29%. 

60 
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EXAMPLE 37 

2-Cyano-3- < 2-{[4-(2,3-dichlorophenyl)-3-ethoxycar 
bonyl-S-methoxycarbonyl-6-methyl-1,4-dihydropyri 
din-2-yl]methoxy}ethyl>-l-methylguanidine was pre 
pared by the method described in Example 36B from 
3-cyano-1- < 2-{[4-(2,3-dich1orophenyl)-3-ethoxycarbo 
nyl-5-methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 
yl]methoxy}ethyl>-2-methylisothiourea. The product 
was obtained as a monohydrate which had m.p. 175° C. 
Found: C, 50.62; H, 5.12; N, 12.81. C23H27C12N505. 
H2O requires C, 50.92; H, 5.38; N, 12.91%. 
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EXAMPLES 38-40 

The following compounds were prepared by the 
method described in Example 36(A) from 2-(2-aminoe 
thoxymethyl)-4-(2-chloropheny1)~3-ethoxycarbor1yl=5 
methoxycarbonyl-6-methyl-1,4-dihydropyridine and 
the appropriate compound of formula (IV). 

(:1 

CH3O2C CO2CH2CH3 

l l R‘ 
/ 

0113 N c112—o—(c112)2—N 
H \ 

R3 

5);. Analysis% 
am- (Theoretical 
ple m.p. in brackets) 
No. R3 R4 ("0.) c 1-1 N 

38 H -N.CO2CH3 115-116 53.95 5.74 11.19 
ll: (54.27 5.74 11.01) 

/ \ 
NH; 

39 H N.COCH3 146-147 56.00 5.86 10.15 
II (56.12 5.84 10.47) 

\ 
NH.COCH3 

40 H NmNOZ 122424 50.83 6.10 12.66 
/ (50.96 5.91 12.92) 

\ 
NH; 

EXAMPLE 41 

l- < 2-{[4-(2-Chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 
yl]methoxy}ethyl > ~2-cyano-3-(2-dimethylamino)e 
thylguanidine was prepared by the method described in 
Example 36(B) but using ethanolic N,N-dimethyle 
thylenediamine instead of ethanolic methylamine. The 
product had m.p. 202°-204“ C. decomp. Found: C, 
56.67; H, 6.51; N, 15.58. C26H35ClN6O5 requires C, 
57.08; H, 6.45; N, 15.36. 

EXAMPLE 42 

4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-S-methox 
ycarbonyl-6-methyl-2-{2-[N-(2-thiazolyl)guanidino]e 

thoxymethyl}-1,4-dihydropyridine hydrate 
(A) 4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-5 

methoxycarbonyl-6-methyl~2-[2-(thioureido)ethoxyme 
thyl]-l,4-dihydropyridine (4.2 g) was dissolved in a 
mixture of methanol (25 m1) and methylene chloride (25 
ml) and stirred at room temperature. Methyl iodide (1.2 
g) was added and the solution stirred for 40 hours. After 
evaporation to dryness, trituration with diethyl ether 
gave the intermediate S-methylisothiouronium hydrio 
dide as a solid which was used directly for the next 
stage of the reaction without further puri?cation. 

(B) The S-methylisothiouronium hydriodide (3.3 g) 
and 2-aminothiazole (0.64 g) were suspended in a mix 
ture of n-butanol (25 ml) and triethylamine (3.3 g) and 
the mixture stirred at reflux for 5 hours. After evapora 
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tion to dryness, the residual oil was partitioned between 
5% aqueous sodium bicarbonate (50 ml) and methylene 
chloride (3X75 ml). The combined organic extracts 
were dried (MgSO4), ?ltered and evaporated to give a 
dark brown oil (4.2 g). The residual oil was chromato 
graphed on silica eluting with toluene containing an 
increasing proportion of ethylacetate. The product was 
?nally crystallised from toluene to give the title com 
pound, m.p. ll6°-1l9° C. Found: C, 49.21; H, 4.67; N, 
12.15. C14H27Cl2N505Sl-I20. requires C, 49.15; H, 4.98; 
N, 11.94%. 

EXAMPLE 43 

4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-2-[2 
(guanidino)ethoxymethyl]-5-methoxycarbonyl-6-meth 

yl- l ,4-dihydropyridine 
2-(2-Aminoethoxymethyl)-4-(2,3-dichlorophenyl)-3 

ethoxycarbonyl-5-methoxycarbonyl-6-methyl-1,4-dihy 
dropyridine (5.0 g) and S-methylisothiourea sulphate 
(3.45 g) was suspended in n-propanol (120 m1) and tri 
ethylamine (30 ml) and re?uxed for 17 hours. After 
evaporation to dryness, the residual oil was partitioned 
between aqueous sodium bicarbonate and methylene 
chloride. The organic layer was dried (MgSO4), ?ltered 
and evaporated. The resultant beige solid was triturated 
with hexane to give the title compound (4.1 g), N.M.R. 
(CDC13, 60 MHz): 3H 1.l5(t), 3H 3.55(s), 4H 3.7(m), 2H 
4.0(q), 2H 4.7(s), 1H 5.45(s), 8H 7.25(m). 

EXAMPLE 44 

4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-5-methox 
ycarbonyl-6-rnethyl-2-{2-[N-(N’-phenyl-sulphonyl) 

guanidinyl]etl1oxymethyl}-1,4-dihydropyridine 
4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-2-[2-(N 

guanidino)ethoxymethyl]-5-methoxycarbonyl-6-meth 
yl-l,4-dihydropyridine (1.19 g) was added to 10% aque 
ous sodium hydroxide solution (40 m1), followed by 
benzenesulphonyl chloride (0.9 g). The mixture was 
shaken vigorously for 15 minutes and stirred at room 
temperature for a further 1 hour. The resultant mixture 
was extracted with diethyl ether (2X25 ml) and then 
methylene chloride (3X75 ml). The combined methy 
lene chloride liquors were dried (MgSO4), ?ltered and 
evaporated and the residual yellow solid chromato 
graphed on silica eluting with 50% by volume ethyl 
acetate in toluene. crystallisation of the product from 
petroleum ether (b.p. 100°-l20° C.) and ethyl acetate 
afforded the title compound, 0.19 g, m.p. 153°—154°. 
Found: C, 52.22; H, 5.02; N, 8.79. C27H30Cl2N4O7S 
requires C, 51.84; H, 4.83; N, 8.96%. 

EXAMPLE 45 

4-(2-Chlorophenyl)-3-ethoxycarbonyl-S-methoxycar 
bonyl-2-{2-[(N-methanesulphonyl)-N-methylamino]e 

thoxymethyljr-é-methyl- 1,4-dihydropyridine 
Methanesulphonyl chloride (0.144 g) was added to a 

solution of 4-(2-chlorophenyl)-3-ethoxycarbony1-5 
methoxycarbonyl-6-methyl-2-[2-(methylamino)ethoxy 
methyl]-1,4-dihydropyridine (0.50 g) and triethylamine 
(0.126 g) in dichloromethane (15 ml). The mixture was 
stirred at room temperature for 1 hour, poured into 
ice-water and the layers separated. The organic layer 
was washed with water, dried (Na2SO4) and evapo 
rated. Scratching the residual oil afforded a solid which 
was recrystallised from methanol to give the title com 
pound (0.33 g), m.p. 93°—95° C. Found: C, 53.32; H, 
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5.97; N, 5.64. CZ2H29ClN2O7S requires C, 53.32; H, 
5.92; N, 5.71%. 

EXAMPLE 46 

4-(2-Chlorophenyl)-3~ethoxycarbonyl-S-methoxycar 
bony]-6-methy1-2-{2-[(2-chloro-5-pyridyl)sul 

phonamido]ethoxymethyl}-1,4-dihydropyridine 
A solution of 2-(2-aminoethoxymethyl)-4-(2-chloro 

phenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6-meth 
yl-l,4-dihydropyridine (409 mg) and triethylamine (202 
mg) in dry dichloromethane (20 ml) was stirred under 
nitrogen and cooled in an ice-bath while a solution of 
2-chloro-5-pyridinesulphonyl chloride (212 mg) in dry 
dichloromethane (10 ml) was added dropwise. The 
reaction mixture was allowed to warm to room temper 
ature and stirring continued for a further 3 hours. The 
solvent was evaporated and the residue chromato 
graphed on silica, eluting with dichloromethane. Ap 
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propriate fractions were combined and evaporated and 
the residue recrystallised from ethyl acetate to give the 
title compound (320 mg), mp. l40°-l40.5° C. Found: C, 
51,27; H, 4.63; N, 7.25. C25H27Cl2N3O7 requires C, 

5 51.37; H, 4.66; N, 7.19%. 

EXAMPLES 47-53 

The following compounds were prepared following 
the general procedures described in Examples 45 or 46 
starting with 2-(2-aminoethoxymethyl)-4-(2-chlorophe 
nyl or 2,3-dichlorophenyl)-3-ethoxycarbonyl-S-methox 
ycarbonyl-6-metl1yl-1,4-dihydropyridine and the appro 
priate sulphonyl chloride. 

CH 302C 

R12 

Cl 

CO2CH2CH3 

c113 CH;'-O-—(CH2)2—NHSO2R5 

Analysis% 
Example (Theoretical in brackets! 

N0. R5 R12 m.p.(°C.) c H N 

47 c1 195.5-198 48.34 4.32 6.88 
\ (48.51 4.23 6.79) 

I . 
N Cl 

48 Cl 199-2005 48.85 4.40 4.29 

A (48.89 4.45 4.75) 
s 

49 H3C Cl 153-156 47.46 4.89 8.81 
N (47.20 4.57 8.47) 

)-N11coc1-13 
s 

50 Cl 160-162 54.85 4.51 6.62 
N (54.89 4.61 6.62) 
\ 

/ 

51 Cl 151-152 51.05 5.63 7.41 
(50.85 5.63 7.12) 

—NH 

52 1-1 155-157 51.56 5.9 7.5 
/ \ (51.65 5.8 7.8) 

—-N o 

53 Cl 169-170 48.9 5.2 6.9 
/ \ (48.65 5.3 7.1) 

--N 0 
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EXAMPLE 54 

4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-5-methox 
ycarbonyl-6-methyl-2{2-[(2-(4-morpholino-5-pyridyl) 
sulphonamido]ethoxymethyl}-1,4-dihydropyridine 5 
A solution of 4-(2,3-dichlorophenyl)-3-ethoxycarbo 

nyl-5-methoxycarbonyl-6-methyl-2-{2-[(2-chloro-5 
pyridyl)sulphonamido]-ethoxymethyl}-l,4-dihy 
dropyridine (200 mg) in morpholine (2 ml) was heated 
on a steam bath for 6 hours. 
The reaction mixture was evaporated to dryness and 

the residue partitioned between dichloromethane and 
water. The organic layer was separated, washed with 
water, dried over anhydrous magnesium sulphate and 
evaporated to give an orange gum. Chromatography on 
silica eluting with dichloromethane followed by dichlo 
romethane containing 2% by volume of methanol gave 
the title compound (125 mg) which was recrystallised 
from ethyl acetate, m.p. l72.5°—l73° C. Found: C, 52.04; 
H, 5.10; N, 8.48. C29H34Cl2N40g requires C, 52.02; H, 
5.12; N, 8.37%. 

EXAMPLES 55 AND 56 

The following compounds were prepared in a similar 
manner to Example 54 but using cyclopentylamine or 
N-methylpiperazine, respectively instead of morpho 
line. 

15 

25 

c1 30 

c1 

CH3O2C 
COZCH2CH3 35 

l I / R15 
I 

CH3 N 
H CHz-O-(CI-I?g-NHSO \ N 

Ex- 40 
am. Analysis% 

ple m.p. g l heoretical in brackets! 
No. R15 ("c.) c H N 

55 180-182 53.96 5.52 2.21 
(53.97 5.44 8.39) 45 

56 172-1745 52.72 5.42 10.08 
/ \ (52.78 5.46 10.26) 50 

—-N N==CH3 

EXAMPLE 57 55 

2-{[4-(2-Chlorophenyl)-3-ethoxycarbonyl-S-methox 
ycarbonyl-6-methyl- 1,4-dihydropyridin-2-yl]methox 

y}ethylsulphamide 
A solution of 2-(2-aminoeth0xy)methyl-4-(2-chloro- 60 

phenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6-meth 
yl-l,4-dihydropyridine (0.82 g) and sulphamide (0.96 g) 
in dioxane (30 ml) was heated under re?ux for 70 min 
utes and then evaporated. The residue was partitioned 
between ethyl acetate and water and the organic layer 65 
dried (Na2SO4) and evaporated. The residue was tritu 
rated with diethyl ether and the resulting solid col 
lected, washed with diethyl ether and dried to give the 
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title compound (0.75 g). m.p. l50°-l52° C. Found: C, 
49.33; H, 5.35; N, 8.93. C20H26C1N307S requires C, 
49.23; H, 5.37; N, 8.61%. 

EXAMPLE 58 

2-{[4-(2,3-Dichlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-1,4-dihydropyridin-2 

yl]methoxy}ethylsulphamide 
This compound was prepared as described above 

starting with the corresponding 4-(2,3-dichlorophenyl) 
dihydropyridine. m.p. 89°-90° C. Found: C, 45.57; H, 
4.89; N, 7.86. C2QH25C12N307S requires C, 45.98; H, 
4.79; N, 8.04. 

EXAMPLE 59 

l-<2-{[4-(2-Chlorophenyl)-3-ethoxycarbonyl-5 
methoxycarbonyl-6-methyl-l,4-dihydropyridin-2 
yl]methoxy}ethyl>-l-methyl sulphamide was prepared 
by the method described in Example 57 from 4-(2 
chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6 
methyl-2-[Z-(N-methylamino)ethoxy]methyl-1,4-dihy 
dropyridine. The product had m.p. 117°-l20° C._Found: 
C, 50.66; H, 5.69; N, 8.22. C21H28ClN3O7S requires C, 
50.25; H, 5.62; N, 8.37%. 

EXAMPLE 60 

4-(2-Chlorophenyl)-3-ethoxycarbonyl-5-rnethoxycar 
bonyl-6-methyl-2-[2-(4-methyl-l-piperazinylsul 
phonylamino)ethoxymethyl]- 1,4-dihydropyridine 
2-(2-Aminoethoxymethyl)-4-(2-chlorophenyl)-3 

ethoxycarbonyl-S-methoxycarbonyl-6-methyl-1,4-dihy 
dropyridine (0.5 g) was dissolved in a mixture of chloro 
form (dried over alumina) (20 ml) and triethylamine (2 
ml) and the mixture stirred at room temperature. 4 
Methyl-l-piperazinylsulphonyl chloride (0.25 g) was 
added in one portion and the mixture stirred at room 
temperature for 17 hours. After evaporation to dryness, 
the resultant oil was partitioned between 5% aqueous 
sodium carbonate and methylene chloride. The organic 
layer was dried (MgSO4), ?ltered and evaporated to 
give 0.3 g of a colourless oil, which was dissolved in 
diisopropyl ether (15 ml) and kept in a refrigerator for 
14 days. The resultant crystals were collected by ?ltra 
tion to afford the title compound (0.1 g), m.p. l37°-139° 
C. Found: C, 52.58; H, 6.18; N, 9.81%. C25H35ClN4O7S 
requires C, 53.03; H, 6.14; N, 9.20%. 

EXAMPLE 61 

4-(2-Chlorophenyl)-3-ethoxycarbonyl-2-[2-(2 
furoylaminosulphonylamino)ethoxymethyl]-5-methox 

ycarbonyl-6-methyl-1,4-dihydropyridine 
To a solution of 2-(2-aminoethoxymethyl)-4~(2 

chlorophenyl)-3-ethoxycarbonyl-5-methoxycarbonyl-6 
methyl-1,4-dihydropyridine (0.5 g) in chloroform (dried 
over alumina) and triethylamine (2 ml) was added 2 
furoylsulphamoyl chloride in one portion and the mix 
ture stirred at room temperature for 17 hours. After 
evaporation to dryness, the resultant oil was partitioned 
between 5% aqueous sodium bicarbonate and methy 
lene chloride. The combined organic liquors were dried 
(MgSO4), ?ltered and evaporated to give 0.35 g of solid 
which was crystallised from diisopropyl ether to give 
pure title compound (0.2 g), m.p. 138° C. Found: C, 
51.30; H, 5.23; N, 7.41. C25H23ClN309S requires C, 
51.59; H, 4.85; N, 7.22%. 
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EXAMPLE 62 H R (I) 
alozc 002112 

Tablets are compounded from the following ingredi- I I R4 
5 / 

emsI ‘ cu; N CH2O(CHZ),,—N 

R \R3 

mg/mblet wherein R is 2,3-dichlorophenyl; 
10 RI and R2 are each independently C1-C4 alkyl; 

Product of any one of Examples 10 n is 2; R3 is H or C1-C4 alkyl; and 

Dicalcium phosphate 120 R4 15 a group of the formula 

Magnesium stearate 1.8 _SQ2R5 

Sodium lauryl sulphate 01 15 _ 
whereln 

R5 is 2-chloropyrid-5-yl or 2-(4-methylpiperazin-l 
yl)pyrid-5-yl and a pharmaceutically acceptable 

EXAMPLE 63 acid addition salt thereof. 
_ i 20 2. A compound according to claim 1 wherein R1 is 

Capsules are compounded from the following lngre- CH3 and R2 is C2H5_ 
diems: 3. A compound according to claim 2 wherein R3 is H 

0!‘ CH3. 
4. A compound according to claim 3 wherein R4 is 

25 SOZR5 where R5 is 2-(4-methylpiperazin-1-yl)pyrid 
mg/capsule 5-y1- ‘ 

5. A 1,4-dihydropyridine compound having the for 
Product of any one of Examples 10 mula 

Maize starch 127 
30 H R 

Cellulose (microcrystalline) 127 R1 02C COZR; O — 

Magnesium stearate 5.4 I l 9: =0 
Sodium lauryl sulphate 0.6 / \ 

CH3 N CH2O(CH2)n—-N NH 

35 1-1 \R3 
The ingredients are thoroughly blended, then ?lled 

wherein R is 2-chlorophenyl; 
into hard gelatlne capsules of the appropriate size to R1 and R2 are each independently C1_C4a1kyl; n is 2; 
contain the ingredients. 40 and R3 is H or C1-C4alkyl. 

_ 6. A method for treating hypertension in a mammal 
we Clam‘: comprising administering to said mammal an antihyper 
1_ A 1,4_dihydropyridine compound having the fol; tensive effective amount of a compound according to 

claim 1 or 5. 
mula: * a: a: a: n: 

45 

50 

55 

60 

65 


